We try to explain the spatial variation of primordial deuterium suggested by some observations by varying leptonic chemical potentials. The variation of the latter may take place in some scenarios of leptogenesis. The model predicts a large mass fraction of 4 He (35-60%) and 7 Li (up to 10 −9 ) in deuteriumrich regions. Because of lepton family symmetry, the angular variations of cosmic microwave background radiation can be sufficiently small although still observable in future measurements.
Recently several groups [1] [2] [3] [4] [5] [6] have reported measurements of the deuterium abundance in Lyman-limit absorption line systems with red-shifts 0.48 < z < 3.5 on the line of sight to quasars; these are believed to give essentially the primordial value.
Surprisingly some groups have claimed a high value, D/H ≈ 2 · 10 −4 on the basis of ground-based data taken with the Keck telescope, but this result is now thought to be due to various errors [3] and the best value available from two "clean" systems is 3 · 10 −5 [5] . However, Webb et al [6] report a high deuterium abundance, D/H ≈ 2 · 10 −4 , in an apparently clean system with z = 0.7 observed with the Hubble Space Telescope, as well as a low one in another system with z = 0.5, raising the possibility that there might be real spatial variations in primordial D/H.
If the effect is indeed real (which it is perhaps too early to judge), its significance is difficult to overestimate. It would strongly change our approach to primordial nucleosynthesis and possibly to the physics of the early universe. A possible variation of the light element abundances was in fact considered in ref. [7] (see also [8] ), where a model of leptogenesis was considered which, first, gave a large lepton asymmetry, which could even be close to or larger than 1, and, second, this asymmetry might strongly change on astronomically large scales, l L . The magnitude of the latter depends on the unknown parameters of the model and can easily be in the mega-giga parsec range. The model is based on the Affleck-Dine [9] scenario of baryogenesis but in contrast to the original one it gives rise to a large (and varying) lepton asymmetry and to a small baryonic one. Recently a similar model of generation of large (but not varying) lepton asymmetry was considered in ref. [10] . In what follows we will not discuss the details of the model but confine ourselves to a more phenomenological level, namely we simply assume that there exists a mechanism which created large leptonic asymmetries of order unity (electronic, muonic and/or tauonic) which vary by 100% over the distance l L . A possible early universe scenario which would give rise to such varying and large leptonic asymmetries will be considered elsewhere. At the moment we put a less ambitious question: whether it is possible to describe the suspected spatial variation of primordial deuterium by varying chemical potentials of neutrinos without conflict with the existing astronomical data and what predictions can be made in such a model which can be tested in future observations.
To explain the claimed variation of 2 H at z = 0.7 the magnitude of l L in terms of present-day units must be smaller than or close to one gigaparsec. The lower bound on this scale l L may be much smaller. It can in principle be determined by measurements of the abundances of light elements at large distances in our neighborhood, say, z ≥ 0.05. It would be interesting if the scale l L coincides with the 140/h Mpc scale observed in the large scale structure of the universe [11, 12] .
Another simple possibility to explain a varying abundance of deuterium is to assume that the baryon-to-photon ratio in the universe varies as a function of position.
This idea was studied in ref. [13] where it was shown that the necessary large scale 
Then in another spatial region they should have the same values but with an arbitrary interchange of e, µ, and τ . This would ensure the same energy density at different space points and small angular variations of CMB. In fact the perturbations in CMB induced in this way would be non-vanishing and close to existing observations. We will discuss them below. Since the abundances of light elements are much more sensitive to the magnitude of the electron neutrino chemical potential than to those of muon and tauon neutrinos, the variation of ξ νe (accompanied by corresponding variations of ξ νµ and ξ ντ ) would lead to a strong variation in the abundance of deuterium and other light elements.
The equality of, say, ξ νe at one space point to ξ νµ at another point looks like a very unnatural fine-tuning but this is not so. The present theory of elementary particles is believed to be symmetric with respect to interchange of three families of leptons. In the Affleck-Dine type scenario of generation of charge asymmetry, the latter is generated owing to the formation of baryonic ( Let us turn now to the astro-phenomenology of the model concerning the change in the light element abundances. It is straightforward and simple to play with the standard nucleosynthesis code [14] to study the influence of different leptonic chemical potentials on the output of light elements and in Table 1 we present a number of sample calculations from which we can draw some combinations that would give a small amount of 2 H in our neighborhood (and a larger one in deuterium-rich regions). Considerations of Galactic chemical evolution [15] permit us to infer that the abundance of primordial deuterium in nearby regions where 4 He is also measured is close to the low values determined at high red-shift; we take as the best estimates for both these . This combination is not necessarily the best possible fit to the data, be the but it seems too early to look for this, bearing in mind that the observational data may change. It is worth noting that if two (or all three) ξ's are permitted to vary, the nucleosynthesis limits (for a recent reference see e.g. [16] ) would be invalidated.
One can see from Table 1 A generic feature of our model is that simultaneously with high deuterium a high mass fraction of helium-4 is predicted. It is at least 30-35% or may be even above 50%. 
There is also the condition of electric neutrality of the plasma:
and the expressions for electronic and muonic charge densities:
and
where δn a = n a −nā is the difference in number densities of particles and antiparticles
The number density of antiparticles is given by the same expression with the opposite sign of ξ a .
One can see from the symmetry property of the system of equations (2- There is another effect which is more subtle theoretically but which could also give rise to similar fluctuations in δT /T . The energy densities of electron and muon neutrinos are known [19, 20] to be different owing to the following effect. After neutrinos decoupled from the primeval plasma, which roughly took place at T = 2
MeV for electron neutrinos and at T = 3 MeV for muonic and tauonic ones, the temperatures of electrons and photons became somewhat different from the neutrino temperature owing to heating of the electromagnetic component of the plasma by e + e − -annihilation into photons. Because of this temperature difference and due to residual e + e − -annihilation into νν, the usually assumed equilibrium neutrino distributions became slightly distorted. The nonequilibrium correction to the energy density of electron neutrinos in the standard model is approximately [21] :
and the distortion of the energy density of muon and tauon neutrinos is
(closely similar results are obtained in ref. [22] ). The difference between ν e and ν µ,τ is related to a greater efficiency of the process e + e − → νν due to the presence of photons and e ± . Thus the phenomenon we discuss gives rise to a rather peculiar perturbation: the variation of the total energy density is negligibly small but the radiation temperature varies between different spatial points.
As was calculated in ref. [21] the photon temperature drops in comparison with the standard one by 10 −3 , due to the above mentioned transfer of energy from the electromagnetic component of the plasma to neutrinos. This change of temperature should be proportional in a crude approximation to the above mentioned change of neutrino energy:
Now if chemical potentials are not spatially constant, the quantity ∆ρ . Accordingly the variation of the photon temperature due to this effect is
which is close to the observational bounds.
These are of course very crude estimates. The real result should be somewhat
smaller. An account of inverse annihilation,ν e ν e → e − e + and of elastic νe-scattering results in a smoothing down of the spectral distortion. An estimate of these "inverse" effects, made along the lines of semi-analytical estimates of ref. [19] , diminishes the temperature change by a factor of roughly 2/3.
The magnitude of temperature fluctuations depends in particular on the unknown values of the ξ's. For example for |ξ| = 0.7 the effect would be twice smaller than for |ξ| = 1, while for |ξ| = 1.4 it is twice bigger. We take |ξ| = 1. coincidence that the theory of large scale structure formation may possibly favor neutrino chemical potentials [23] close to those that are needed in our model. 
